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SECTION 05270 
STAINLESS STEEL RAILINGS 

 
PART  1 -  GENERAL 
1.1 SECTION INCLUDES 

A. This Section includes the following: 
1. Stainless steel handrails (lighted and unlighted) and barrier railings: 

a. Sections that are pre-fabricated from standard and custom components shop 
welded and finished. 

b. Sections that are field assembled from standard and custom components 
c. Miscellaneous metal or other materials fabrications as required for complete 

fabrication, assembly and installation of railings. 
d. Welded wire mesh infill panels for barrier railings 

2. Glass infill panels at barrier railings (Add Alternate #1) 
1.2 RELATED DOCUMENTS and SECTIONS 

A. Drawings and general provisions of the Contract, including General, Supplementary 
and Special Conditions and Division 1 Specification Sections, apply to this Section. 

B. General Structural Notes included in the drawings 
C. Related Sections include the following: 

1. Division 16 Electrical - connections for LED lighting 
2. Section 16900 - LED lighting to be installed in handrails 

1.3 PERFORMANCE AND ASSEMBLY REQUIREMENTS 
A. Structural Performance of Handrails and Barrier Railings. Provide handrails and 

barrier railings capable of withstanding the structural loads without exceeding 
allowable design working stress of materials for handrails, barrier railings, anchors, 
and connections in accordance with the Design Criteria and Loads table in the 
Structural General Notes, and the following: 
1. Top Rail of Barrier Railings: Capable of withstanding the following loads applied 

as indicated: 
a. Concentrated load of 200 lbf applied at any point and in any direction. 
b. Uniform load of 50 lb. per linear foot applied horizontally and concurrently 

with uniform load of 50 lb. per linear foot applied vertically downward. 
c. Concentrated and uniform loads above need not be assumed to act 

concurrently. 
2. Handrails Not Serving As Top Rails: Capable of withstanding the following loads 

applied as indicated: 
a. Concentrated load of 200 lbf applied at any point and in any direction. 
b. Uniform load of 50 lbf/ft. applied in any direction. 
c. Concentrated and uniform loads above need not be assumed to act 

concurrently. 
3. Infill area of Barrier Railings: Capable of withstanding a horizontal concentrated 

load of 50 lb. applied to 1 sq. ft. at any point in system, including panels, 
intermediate rails, balusters, or other elements composing infill area. 
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4. Load above need not be assumed to act concurrently with loads on top rails in 
determining stress on barriers. 

B. Field Assembly Requirements: Due to the unique character of the site, access for 
delivery and handling of materials is limited in some areas. Provide handrails and 
barrier railings, and anchors, connectors, accessories and other parts and materials 
necessary for complete installation, that can be assembled and installed from 
components of sizes and shapes that allow transport to these areas of limited access. 

C. Control of Corrosion: 
1. Passivation of all stainless steel parts and components in accordance with ASTM 

A 380.  
2. Prevent galvanic action and other forms of corrosion by insulating metals and 

other materials from direct contact with incompatible materials. 
1.4 SUBMITTALS 

A. Prior Approvals for substitution requests conforming to requirements of Sections 
01300 and 01600. 

B. Product Data: For manufacturers product lines of handrails and barrier railings 
assembled from standard and custom components. 
1. Include Product Data for fasteners, accessories, grout, anchoring cement, and 

metal finishing. 
2. Include Product Data for Glazing 

C. Shop Drawings: Show fabrication and installation of handrails and barrier railings.  
1. Include plans, elevations, sections, details, and attachments to other work. Details 

shall include post locations and type of connection, joint locations, locations of 
conduit stubs for electrical connections, panel clips, transitions and terminations, 
and location and method of attaching brackets to barrier railing post for installing 
handrail. Identify sections to be fabricated prior to delivery to site and sections to 
be assembled on site for installation 

2. Include elevations and details for welded wire mesh panels. Show locations of 
panel clips. 

3. (Only if Additive Alt #1 accepted) Include elevations and details for glazing 
panels. Show locations of panel clips and method of attaching panels. 

D. Photos: show Field Mock-ups 
E. Samples:  

1. Short section of handrail and post adapter showing required finish. 
2. Minimum 12" x 12" piece of welded wire mesh 

F. Qualification Data: For firms and persons specified in “Quality Assurance” Article to 
demonstrate their capabilities and experience. Include lists of completed projects with 
project names and addresses, names and addresses of architects and owners, and other 
information specified. 

G. Manufacturer's Certificates: Certify products meet or exceed specified requirements 
H. Installation Instructions: Submit manufacturer's installation instructions. 
I. Maintenance Instructions: Submit manufacturer's maintenance and cleaning 

instructions. 
J. Record Documents: Provide professionally drafted record drawings accurately 

indicating  and dimensioning railing configurations, post locations, type of  post 
connection, bracket locations and conduit stub locations. 
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1.5 QUALITY ASSURANCE 
A. Manufacturer Qualifications: Company specializing in manufacturing products 

specified in this section with minimum five years documented experience. 
B. Source Limitations:  

1. Obtain handrail and barrier railing through one source from a single manufacturer 
2. Obtain all glazing through one source from a single manufacturer 

C. Manufacturer's on-site representation: 
1. A  qualified representative from the manufacturer familiar with fabrication and 

installation of the railing systems shall be on-site during the entire time Field 
Measurement and Field Mock-up activities are taking place, and may be engaged 
to provide Field Measurements and Mock-ups. 

2. A  qualified representative from the manufacturer familiar with fabrication and 
installation of the railing systems shall be on-site at the commencement of 
installation to instruct and train contractor's personnel in methods and techniques 
required for installation, if required by manufacturer.  

D. Passivation shall be performed by a qualified technician familiar with the methods 
and requirements, and regularly engaged in performing the process, with minimum 5 
years experience. 

E. Installer qualifications: Manufacturer's trained installer or an installer acceptable to 
the manufacturer. 

1.6 WARRANTY 
A. In addition to any written or implied product warranty by the manufacturer, the 

Contractor warrants and guarantees all materials and workmanship for the railing 
systems against rusting or corrosion for the one year warranty period.   

1.7 DELIVERY, STORAGE AND HANDLING 
A. Deliver materials properly protected against damage to finished surfaces during 

transit. 
B. Inspect materials upon delivery for damage. Damaged parts should be removed and 

replaced. 
C. Store all materials in a dry, well-ventilated, weather tight place, in accordance with 

manufacturer's instructions 
D. Protect materials and finish from damage and contamination during handling and 

installation. 
1.8 PRE-INSTALLATION CONFERENCE 

A. Convene a pre-installation meeting near end of time Field Measurement activities are 
occurring. Provide minimum one week notice. 

B. Attendees: Contractor, Cave Specialist, Architect, Owner, Manufacturer's 
representative, Installer 

C. Review the following: 
1. Specific method of each type of post installation 
2. Proposed location of each post and type (grouted in or base plate) of installation 

proposed. 
3. Installation, adjusting, cleaning and protection of railing systems 
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4. Verify qualifications of Installer and/or manufacturer's representation 
5. Coordination with other work 
6. Protection of Cave Resources 

1.9 PROJECT CONDITIONS 
A. Field Measurement: Verify handrail and barrier railing dimensions, each post location 

and termination detail by field measurements before fabrication and indicate 
measurements on Shop Drawings. Coordinate fabrication schedule with construction 
progress to avoid delaying the work.  

B. Field Mock-up: In situations where field measurements may not adequately establish 
complex configurations required, provide models mocked-up in the field from other 
materials. Use models for shop fabrication processes.  

C. Field Measurements and Field Mock-ups shall take into account unique conditions 
and limited access of the work site. 

D. Note that manufacturer's representative shall be on site during all Field Measurement 
and Mock-up activities. 

1.10 COORDINATION 
A. Coordinate with Cave Specialist for procedures to protect Cave Resources during the 

entire project. 
B. Coordinate installation of anchorage for handrails and barrier railings. Furnish Setting 

Drawings, templates, and directions for installing anchorages, including sleeves, 
tenons, concrete inserts, anchor bolts, and items requiring post-installed anchors, that 
are to be embedded in or anchored to concrete or native stone. Deliver such items to 
project site in time for installation. 

C. Coordinate installation of  wiring and lighting, including diffuse lens cover. 
D. Coordinate installation of glass or welded wire mesh infill panels at barrier railings. 

PART  2 -  PRODUCTS 
2.1 MANUFACTURERS 

A. Available Manufacturers: Subject to compliance with all project requirements, 
manufacturers offering products that may be incorporated into the Work include the 
following: 
1. Stainless Steel Handrails and Barrier Railings: 

a. Organic Lighting Systems 
205 W. Blueridge Avenue 
Orange, CA   92865 
(626) 969-6140 
sales@organiclighting.com  

b. C.W. Cole and Company, Inc. 
2560 Rosemead Blvd 
South El Monte, CA 91733 
(626) 443-2473 
info@colelighting.com 

c. Other manufacturers of equivalent systems will be considered for substitution 
with Prior Approval 

2.2 METALS 
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A. General: Provide metal free from pitting, seam marks, roller marks, stains, 
discolorations, and other imperfections where exposed to view on finished units. 

B. Stainless Steel: Type 316L, satin finish. See Structural General Notes for additional 
requirements. 
1. Pipe and Tubing: ASTM A269 

a. Barrier rails and posts and posts for handrails: 1.90" OD round pipe 
b. Lighted handrails: Specially formed 1.66" OD channel tube section with 

rectangular recessed cavity to accept lighting strips and lenses, post adapters, 
brackets, and other accessories as required for complete installation. 

c. Unlighted handrails, transitions and terminations: 1.66" OD round pipe 
2. Brackets, Post Adapters, Sleeves, Flanges, Panel Clips and Anchors: Cast or 

formed metal of same type of material and finish as supported rails, unless 
otherwise indicated. 
a. Provide brackets and post adapters with interlocking pieces that conceal 

anchorage. Locate screws out of sight. 
b. Panel Clips: Provide manufacturer's standard or custom rectangular panel 

clips welded to barrier railing posts. Panel clips shall fasten glass or welded 
wire mesh panels mechanically. Provide rubber inserts. 

3. Plate: ASTM A240 
4. Welded Wire Mesh: 0.250" diameter wire 4" x 4" OC, plain weave, plain crimp 
5. Bar: ASTM A276 

2.3 GLASS PRODUCTS AND GLAZING MATERIALS (See Add Alt #1) 
A. Tempered Glass: ASTM C 1048, Kind FT (fully tempered), Condition A (uncoated), 

Type 1 (transparent glass, flat). Quality q3 (glazing select). Provide products 
complying with requirements indicated below for class, thickness, and manufacturing 
process that have been tested for surface and edge compression according to ASTM C 
1048 and for impact strength according to 16 CFR, Part 1201 for Category II 
materials. 
1. Clear glass: Class I (clear). 
2. Thickness: 1/2" unless otherwise noted. 
3. Manufacturing Process: Manufacture fully tempered glass as follows: 

a. By vertical (tong-held) or horizontal (roller-hearth) process, at manufacturers 
option, except provide horizontal process tongless and free of tong marks. 

b. Subject to compliance with requirements, provide safety glass permanently 
marked with certification label of Safety Glazing Certification Council or 
another certification agency, acceptable to authorities having jurisdiction. 

4. Glazing Cement and Accessories: Provide glazing cement and related accessories 
recommended, or supplied by railing manufacturer for bonding glass to metal 
panel clips 

2.4 FASTENERS 
A. Fasteners for anchoring railings to other construction: Select stainless steel fasteners 

to match railing components described above and as required to produce connections 
suitable for anchoring handrails and barrier railings to other types of construction 
indicated and capable of withstanding design loads. 

B. Fasteners for interconnecting railing components: Use fasteners fabricated from same 
basic metal as fastened metal.  
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1. Provide  flathead countersunk, concealed fasteners for interconnecting railing 
components and for attaching them to other Work, unless exposed fasteners are 
unavoidable or are standard fastening method for handrail and railing indicated. 
Provide fasteners for use with star bit or allen wrench tools. 

C. Post-installed Anchors: See Structural General Notes 
2.5 ADHESIVES 

A. Adhesive for interconnecting railing components: Use A 63.80 Anaerobic Adhesive 
as manufactured by Euro-Lok GmbH. 

2.6 THREADLOCKER 
A. Anaerobic Sealant used for locking and sealing threaded fasteners. Use Loctite 

Threadlocker Blue 242. 
2.7 PROTECTIVE EPOXY COATING 

A. Water-based Tile Clad Epoxy Coating and Pro-Cryl Universal Primer, as 
manufactured by Sherwin-Williams or approved equivalent substitution. 

2.8 GROUT AND ANCHORING CEMENT 
A. Nonshrink, Nonmetallic Grout: Premixed, factory-packaged, nonstaining, 

noncorrosive, nongaseous grout complying with ASTM C 1107. Provide grout 
specifically recommended by manufacturer for exterior applications.  

2.9  RAILING FABRICATION 
A. Assemble handrails and barrier railings in shop to greatest extent possible to 

minimize field splicing and assembly. Disassemble units only as necessary for 
shipping and handling limitations. 
1. Assemble lighted handrails such that lighting points directly downward 

B. For areas where access is limited provide parts and components to be assembled on 
site.  
1. Accurately cut railing sections, transition pieces and posts in shop to be 

assembled in the field based on field measurements and field mock-ups to 
minimize field cutting. 

2. Fabricate components to be assembled in the field such that connections are made 
with sleeves or other methods utilizing adhesive or mechanical fasteners. 

C. Clearly mark units, components and parts for reassembly and coordinated installation. 
Use connections that maintain structural value of joined pieces. 

D. Form transitions for changes in direction of railing members as indicated in drawings 
meeting criteria as follows: 
1. At Barrier Railings: smooth 3" radius 
2. At Handrails: 

a. For angles greater than or equal to 90 degrees: 3" radius or miter and weld 
b. For angles less than 90 degrees: provide unlighted 1.66" OD pipe section with 

smooth 3" radius. Each leg maximum 3" long (past tangent point). Connect to 
lighted sections on each side with manufacturer's standard sleeve connector. 

3. At Handrail terminations (not including extended stub ends): 
a. For return to walking surface provide integral 1.66" OD pipe post and railing 

leg bent to angle required with smooth 3" radius, 3" long (past tangent point). 
Connect to lighted section with manufacturer's standard sleeve connector. 
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b. For loop returns, stop lighted railing short of last post. Provide 1.66" OD pipe 
post and rail in configuration indicated. Connect to lighted section with 
manufacturer's standard sleeve connector. 

4. At extended stub end terminations of handrail: Extend lighted railing over last 
post as indicated. 

E. Welded Connections: Fabricate barrier railings with welded connections between all 
posts and rails. Due to limited access barrier railings may need to be fabricated in 
sections to be reassembled in the field. Provide mechanical connections between 
reassembled sections.  

F. Mechanical Connections: Fabricate handrails by connecting members with railing 
manufacturer’s standard concealed mechanical fasteners and fittings, unless otherwise 
indicated. Fabricate members and fittings to produce flush, smooth, rigid, hairline 
joints that maintain structural integrity and appearance of overall assembly. 

G. Brackets, Flanges, Fittings, and Anchors: Provide manufacturer’s standard post 
adapters, brackets, flanges, miscellaneous fittings, and anchors to connect handrail 
and barrier railing members to other construction. 

H. Fabricate standard and custom baseplates as indicated using manufacturer's standard 
or custom tenon inserts for posts.  

I. Provide inserts, baseplates  and other anchorage devices to connect handrails and 
railing to concrete or native stone. Fabricate anchorage devices capable of 
withstanding loads imposed by handrails and barrier railings. Coordinate anchorage 
devices with supporting structure, in accordance with Structural General Notes 

J. Shear and punch metals cleanly and accurately. Remove burrs from exposed cut 
edges. 

K. Cut, reinforce, drill, and tap components, as indicated, to receive finish hardware, 
screws, and similar items. Close exposed ends of railing members with prefabricated 
end fittings. 

L. All welded connections shall be ground smooth and finished to match railings.  
M. Use only carbide or other non-metallic tooling that have not been used on other 

metals. 
2.10 WELDED WIRE MESH PANEL FABRICATION 

A. Assemble welded wire mesh panels in shop, with all welded connections 
1. Ease edges of bar stock for frames 
2. Grind corners of frame to smooth 1/2" radius 
3. Grind all welded joints smooth and finish to match railings 
4. Use only carbide or other non-metallic tooling that have not been used on other 

metals. 
2.11 GLAZING PANEL FABRICATION (Only if Add Alt #1 accepted) 

A. Glass Panels: Cut tempered glass to final size and shape, and drill holes for panel 
clips (if required) before heat treatment; provide flat ground edges; provide for proper 
edge clearance and bit on glass. Provide thickness indicated, but not less than that 
required to support structural loads. 

B. Straight Panels: provide tempered glass panels for straight sections. 
2.12 STAINLESS STEEL FINISHES 

A. Finish: ASTM A480, No. 6, dull satin finish 
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B. Appearance of  finished work: Variations in appearance of abutting or adjacent pieces 
are acceptable if they are within one-half of the range of approved Samples. 
Noticeable variations in same piece are not acceptable. Variations in appearance of 
other components are acceptable if they are within the range of approved Samples 
and are assembled or installed to minimize contrast. 

2.13 PASSIVATION 
A. Perform passivation process in accordance with ASTM A380 on all metal 

fabrications, parts and fasteners after fabrication (including drilling, grinding or other 
surface treatment)  has been completed and materials have been thoroughly cleaned. 

B. After passivation,  protect all materials from contamination or damage. 
 
PART  3 -  EXECUTION 
3.1 DEMOLITION AND REPAIR:  

A. Demolish and remove all existing railings scheduled for replacement. Completely 
remove existing posts embedded in concrete and native stone. Where new posts are 
scheduled to replace existing, core hole to proper diameter and depth. Where existing 
posts are to be removed and not replaced, fill and patch as scheduled and directed by 
Cave Specialist. 

B. Patch and repair concrete as indicated. 
3.2 EXAMINATION 

A. Examine existing conditions and substrates to verify that locations indicated for 
installing posts are suitable. Note that some adjustment to locations may be required 
to suit existing conditions, maximum spacing of posts, required edge distances and 
configurations of railings. Locate and mark locations, if not already done. Verify all 
post locations with Architect and Cave Specialist.  

3.3 FIELD MEASUREMENTS AND FIELD MOCK-UPS 
A. Schedule manufacturer's representative and Field Measurement and Mock-up 

activities after demolition and examination have been completed. Make adjustments 
to post locations as needed and approved. Verify railing configurations, including 
heights, with Architect and Owner. 

3.4 INSTALLATION, GENERAL 
A. Install railing system in accordance with manufacturer's instructions. 
B. Core new holes in concrete and native stone for embedding posts as required. At 

embedded posts provide protective epoxy coating to concealed portion of posts and 
set posts with non-shrink, non-metallic grout per manufacturer’s instructions. 

C. If rubble is encountered where posts are scheduled to be embedded in cored holes, 
install posts in concrete ‘pier’ as indicated. 

D. At posts to be set on base plates, provide protective epoxy coating to concealed side 
of base plate and anchor to concrete or native stone as indicated.  

E. Fit exposed connections together to form tight, hairline joints, mechanically or 
adhesively fasten per manufacturer’s instructions. 

F. Cutting, Fitting, and Placement: Perform Cutting, drilling, and fitting required for 
installing handrails and barrier railings outside the cave. Cutting or drilling inside the 
cave shall only be allowed with the express approval, in locations established and 
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under the supervision of the Cave Specialist. Set handrails and railing accurately in 
location, alignment, and elevation. 
1. Do not cut or abrade surfaces of railing components that have been coated or 

finished after fabrication and that are intended for field connection by mechanical 
or other means without further cutting or fitting. 

2. Align rails so variations from level for horizontal members and from parallel with 
rake of steps and ramps for sloping members do not exceed ¼ inch in 12 feet (5 
mm in 3 m). 

G. No field or shop welding of railing components is allowed after fabrication and 
passivation processes have been completed. No welding is allowed inside the cave. 

H. Adjust handrails and barrier railings before anchoring to ensure alignment at abutting 
joints. Space posts at interval indicated, but not greater than that allowed by structural 
loads. 

I. Fastening to In-Place Construction: Use anchorage devices and fasteners where 
necessary for securing handrails and railing and for properly transferring loads to in-
place construction. 

J. Coordinate with electrical for locations of post conduit stubs for lighting feeds. 
3.5 RAILINGS CONNECTIONS 

A. Nonwelded Connections: Use mechanical joints, mechanically or adhesively fastened 
for permanently connecting railing components. Use wood blocks and padding to 
prevent damage to railing members and fittings. 

3.6 INSTALLING GLASS OR WELDED WIRE MESH PANELS 
A. Barrier railing posts shall have panel clips factory installed. Install assembly to 

comply with railing manufacturer’s written instructions with rubber inserts.  
3.7 THREADED FASTENERS 

A. Apply threadlocker to all threaded fasteners per manufacturer’s instructions. 
3.8 LED LIGHTING 

A. Install LED lighting components in accordance with manufacturer’s instructions. 
Coordinate installation of wiring and lighting during assembly of handrails. 

3.9 PROTECTION 
A. Protect finishes of railings from damage during construction period with temporary 

protective coverings approved by railing manufacturer. Remove protective coverings 
at the time of Substantial Completion. 

B. Restore finishes damaged during installation and construction period so no evidence 
remains of correction work. Replace damaged components that cannot be repaired to 
Architect’s acceptance. 

3.10 FINAL CLEANING 
A. After protective coverings have been removed, clean all surfaces with damp (water 

only) cloth. Do not use detergents or other cleaning agents unless specifically 
approved by Cave Specialist. 

 
END OF SECTION 05720 
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SECTION 16010  

BASIC ELECTRICAL REQUIREMENTS 

PART 1 — GENERAL INFORMATION  

1.1 PROJECT LOCATION 
 The project is located at the Lewis and Clark Caverns as indicated on the project site plan. 

1.2 WHAT THE CONTRACTOR PROVIDES 
 The contractor provides all labor and materials necessary to accomplish the project as 

described in the specifications and on the drawings.   

1.3 GENERAL SCOPE OF THE WORK 
The contractor furnishes and installs lighting and electrical systems within the cave. 

1.4 GENERAL REQUIREMENTS 
1.4.1 GROUNDING 
 A ground wire shall be installed in all new circuits.   

1.4.2 NEUTRAL SIZE 
 All circuits shall have a full sized insulated neutral.  In no case shall a neutral conductor 

be used in common with any other circuit. 

1.4.3 CONDUCTOR TYPE 
 The conductor type shall be a mixture of conductors in conduit within cabinets, GGC 

cord for the main distribution feeder, SOOW cord for the branch circuits, and leaky feed-
er cable for the communications system .  

1.4.4 RECEPTACLES 
 All receptacles shall be NEMA 5-20R, Specification Grade unless otherwise indicated.   

1.4.5 BOXES 
 All outlet, switching, and junction boxes shall be composite non corroding material re-

gardless of wiring method. 

PART 2 — SCOPE OF WORK 

2.1 LIGHTING 
 The contractor furnishes and installs cavern lighting and lighting controls. 

2.2 INSIDE POWER 
 The contractor furnishes and installs inside cavern power including main distribution 

feeder and branch circuits. 
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PART 3 - GENERAL REQUIREMENTS  

3.1  SUMMARY 

A.  This section specifies the basic requirements for electrical installations and includes require-
ments common to more than one section of division 16. 

3.2  ROUGH-IN 

A.  Verify final locations for rough-ins with field measurements and with the require-
ments of the actual equipment to be connected.  

3.3  ELECTRICAL INSTALLATIONS 

A.  Coordinate electrical equipment and materials installation with other electrical and 
lighting components. 

B.  Verify all dimensions by field measurements. 

C.  Sequence, coordinate, and integrate installations of electrical materials and equipment 
for efficient flow of the Work.  Give particular attention to large equipment requir-
ing special positioning and delivery within the cavern. 

D.  Install electrical equipment to facilitate maintenance and repair or replacement of 
equipment components.  As much as practical, connect equipment for ease of dis-
connecting, with minimum of interference with other installations or damage to the 
cavern. 

E.  Coordinate connection of electrical systems with exterior underground and overhead 
utilities and services.  Comply with requirements of governing regulations, fran-
chised service companies, and controlling agencies.  Provide connection for each 
service. 

3.4  NAMEPLATE DATA 

A.  Provide permanent operational data nameplate on each item of power operated 
equipment, indicating manufacturer, product name, model number, serial number, 
capacity, operating and power characteristics, labels of tested compliances, and 
similar essential data. 

B.  Locate nameplates in an accessible location. 

3.5  DELIVERY, STORAGE, AND HANDLING 

A.  Deliver products to project properly identified with names, model numbers, types, 
grades, compliance labels, and similar information needed for distinct identifica-
tions; adequately packaged and protected to prevent damage during shipment, stor-
age and handling. 

16010   BASIC ELECTRICAL REQUIREMENTS                   Page �  of �2 4

144144



Lewis and Clark Caverns                  Fussell Engineering 
Montana Fish, Wildlife, and Parks

B.  Store equipment and materials at the site as indicated on the drawings and the special 
conditions regarding the cave.  Some equipment can be stored within the cave as 
indicated on the drawings. 

C.  Protect stored equipment and materials from damage and protect the cavern complete-
ly from the transportation and storage of equipment.. 

D.  Coordinate deliveries of electrical materials and equipment to minimize cavern and 
construction site congestion.  Note that equipment must be hauled within the cave 
without damaging any of the cavern formations. 

E.  Limit each shipment of materials and equipment to the items and quantities needed for 
the smooth and efficient flow of installations and maximum protection of the cav-
ern formations and environment. 

3.6  RECORD DOCUMENTS 

A.  Mark Drawings to indicate revisions to conduit size and location both exterior and 
interior; actual equipment locations, distribution and branch electrical circuitry; 
fuse and circuit breaker size and arrangements; support and hanger details; change 
orders; concealed control system devices. 

B.  Mark specifications to indicate approved substitutions; change orders; actual equip-
ment and materials used. 

3.7  OPERATION, MAINTENANCE AND WARRANTY INFORMATION 

A.  Include the following information in a 3 ring binder of suitable size and organized for 
convenient reference: 

1.  Description of function, normal operating characteristics and limitations, per-
formance curves, engineering data and tests, and complete nomenclature 
and commercial numbers of all replaceable parts. 

2.  Manufacturer's printed operating procedures to include start-up, break-in, rou-
tine and normal operating instructions; regulation, control, stopping, shut-
down, and emergency instructions; and summer and winter operating in-
structions. 

3.  Maintenance procedures for routine preventative maintenance and trou-
bleshooting; disassembly, repair, and reassembly; aligning and adjusting 
instructions. 

4.  Servicing instructions and lubrication charts and schedules. 
5.  The manufacturer’s installation instruction books or sheets, and parts and/or 

packing lists. 
6.  Provide complete warranty information for each item to include product or 

equipment to include date of beginning of warranty or bond; duration of 
warranty or bond; and names, addresses, and telephone numbers and pro-
cedures for filing a claim and obtaining warranty services. 

3.8 ENVIRONMENTAL PROTECTION 

A.  The contractor shall not release any hazardous or any other materials including dust 
and water to the environment outside and inside the cavern during the course of 
this work. 
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B.  The contractor shall, in general, take all detailed precautions and measures during the 
course of this work to protect and safeguard the natural cavern environment.  This 
shall be interpreted as a primary, rather than subordinate, requirement of the 
project.   

C. If there is a question regarding a work procedure that may release any material within 
the cavern environment, the Contractor must solicit review and approval from the 
Engineer and the Owner before proceeding.  

D. The Contractor shall submit a plan for spill containment and clean up for cavern pro-
tection in the event of a spill accident. 

3.9 CLEANING 

A.  Clean interior of light fixtures and the interior and exterior of lenses prior to final ac-
ceptance.  Light fixtures that are sealed do not need for the interior to be cleaned. 

B.  Clean up all waste or trash from the electrical work by collecting all trash and waste 
before it enters the cave environment.  This is a detailed requirement which in-
cludes every non-cavern material such as wire strands, insulation, cable fiber fill-
ing, etc.  This is far more detailed and comprehensive than a typical building con-
struction project. 

3.10 SUBMITTALS 

A.  General contractor is responsible to coordinate project requirements involving more 
than one trade, is responsible to coordinate between trades and equipment suppli-
ers, is responsible for performance of subcontractors to verify that equipment de-
livered to the project site for installation is in compliance with project plans and 
specifications, and must verify that such equipment will properly interface with 
equipment specified by other trades for installation and use on the project. 

  
B.  For the purpose of meeting those responsibilities, General contractor: 

  1.  shall review all submittals from sub contractors; 
2.  shall verify compliance of those submittals with project plans and specifica-

tions; and 
3.  shall verify coordination of equipment identified in those submittals with 

equipment and/or work of other trades before forwarding submittals to 
project engineer for review. 

Evidence of the General contractor’s review and verification of the above requirements 
will be provided with submittals forwarded for review 

End of Section
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SECTION 16028

CODES AND STANDARDS 

PART 1 -GENERAL 

1.1  CODES AND STANDARDS 

A.   Comply with these specifications, project drawings, and all applicable local, State, 
and National laws, codes, standards, and regulations.  In the event of differing 
requirements, the most stringent applies.  Applicable portions of the following 
shall apply: 
1.   Cavern and all facilities or systems with electrical installations within the 

scope of the National Electrical Code (NEC) published by the National 
Fire Protection Association (NFPA 70). 

2.   Rules regarding what can be done and what cannot be done within the cavern.

1.2  INSPECTIONS AND FEES 

A.   Inspection and approval by the State or local Electrical Inspector will be required 
prior to acceptance by the Owner. 

B.   The contractor is responsible for obtaining and paying for all necessary State or local 
permits and inspections. 

1.3 SPECIAL REQUIREMENTS

The following are special requirements which may be more restrictive than the code:

1.  Hot wires, neutral and ground wires are the same size unless otherwise indi-
cated.

2.  A ground wire must be pulled in all raceways regardless of raceway construc-
tion.  Raceways shall not be used as the only ground conductor.

3.  All connections must be torqued to specifications using a torque wrench.
4.  Series rated breakers will not be allowed unless specifically authorized.
5.  All neutral conductors must be insulated.
6.  The neutral connection lugs of a duplex outlet shall not be used for connecting 

the in and out neutral conductors. Generally a pigtail will be required.  
7.  A ground wire must be installed for each circuit.  A common ground wire for 

several circuits, even if located in the same conduit, is not allowed.
8.  All connections to devices such as receptacles and switches shall be made us-

ing the device lug screw.  Push-in connections shall not be used.

End of Section

            16028   CODES AND STANDARDS                              Page �  of �1 1

147147



Lewis and Clark Caverns                  Fussell Engineering 
Montana Fish, Wildlife, and Parks

SECTION 16030  

TESTS AND DEMONSTRATION OF THE  
COMPLETE ELECTRICAL SYSTEM 

PART 3 - EXECUTION  

3.1  TESTING  

A.  Carry out all normal testing and operational checks to assure a complete, safe, and 
reliable system, including, but not limited to:  

1.  "Megger" tests for insulation of all feeder conductors, branch circuit conduc-
tors larger than #10 AWG, and service entrance conductors, installed in this 
contract.  Test to assure no unsatisfactory leakage phase to phase, phases to 
neutral, and phases to earth/metallic ground.  Maintain written record of 
test results at project site.  Submit test results to the Owner as requested.  

2.  Circuit continuity as needed for phase identification.  
3.  Amperage tests to assure proper balancing of loads to the maximum extent 

possible among phases under operating conditions.  

B.  Circuit all branch circuits as shown, connect to phase and circuit number indicated.  
Circuit changes shall have prior approval of the Owner.  

3.2  CORRECTIONS  

A.  Correct any discrepancies found as a result of the above tests including replacement 
of conductors, splices, reconnecting loads, changing phases, installing additional 
ground rods, etc.  

End of Section 
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SECTION 16120

WIRES AND CABLES

PART 1 - GENERAL

1.1  RELATED WORK SPECIFIED ELSEWHERE

A.  Basic Electrical Requirements - Section 16010

B.  Codes and Standards - Section 16028

1.2  DESCRIPTION OF WORK

A.  Extent of electrical wire and cable work is indicated by drawings and schedules.

B.  Types of electrical wire, cable, and connectors specified in this section include the 
following:

Copper conductors.
Specialized cord
Tap type connectors.
Split-bolt connectors.
Wirenut connectors.

C.  Applications of electrical wire, cable, and connectors required for project are as fol-
lows.

For power distribution circuits.
For lighting branch circuits.

1.3  QUALITY ASSURANCE

A.  Installer's Qualifications:
1.  Firm with at least 3 years of successful installation experience with projects 

utilizing electrical wiring and cabling work similar to that required for this 
project.  This requirement does not require prior cavern electrical wiring 
experience but does include wiring in sensitive areas where extreme atten-
tion to details and absolute supervision of workers is required.  Such work 
areas might include clean rooms, specialized industrial facilities, and cer-
tain areas of hospitals.

B.  Codes and Standards:
1.  NEC Compliance:

a.  Comply with NEC requirements as applicable to construction, instal-
lation and color coding of electrical wires and cables.

2.  UL Compliance:
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a.  Provide wiring/cabling and connector products which are UL-listed 
and labeled.

3.  ASTM Compliance:
a.   Comply  with  applicable  requirements  of  ASTM  B1,  2,  3,  8  and 

D-753.  Provide copper conductors with conductivity of not less 
than 90 percent at 20° C (68° F).

1.4  DELIVERY, STORAGE, AND HANDLING

A.  Deliver wire and cable properly packaged in factory-fabricated type containers, or 
wound on NEMA-specified type wire and cable reels.

B.  Store wire and cable in clean dry space in original containers.  Protect products from 
weather, damaging fumes, construction debris and traffic.

C.  Handle wire and cable carefully to avoid abrading, puncturing and tearing wire and 
cable insulation and sheathing or damaging the cave environment.  Ensure that di-
electric resistance integrity of wires/cables is maintained.

PART 2 - PRODUCTS

2.1  WIRES, CABLES, AND CONNECTORS

A.  General
1.  Provide electrical wires, cables, and connectors of manufacturer's standard 

materials,  as  indicated  by  published  product  information;  designed  and 
constructed as recommended by manufacturer, for a complete installation, 
and for application indicated.

2.  Except as otherwise indicated, provide copper conductors with conductivity of 
not less than 98 percent at 20°C (68°F).

3. Cord types are indicated in the catalog sheet, Section 16900.

B.  Cabinet or enclosure Wires:
1.  Provide factory-fabricated wires of sizes, ampacity ratings, and materials for 

applications and services indicated.
2.  Where not indicated, provide proper wire selection as determined by Installer 

to comply with project's installation requirements, NEC and NEMA stan-
dards.

3.  Select from the following UL types, those wires with construction features 
which fulfill project requirements:

Type THWN:For dry and wet locations; maximum operating temperature 
75° C (167° F).  Insulation, flame-retardant, moisture- and heat-
resistant,  thermoplastic;  outer  covering,  nylon jacket;  conductor, 
annealed copper.
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C.  CABLES:
1.  Provide UL-type factory-fabricated cables of sizes, ampacity ratings, and ma-

terials and jacketing/sheathing as indicated for services indicated.
2.  Where not indicated, provide proper selection as determined by installer to 

comply with installation requirements, NEC and NEMA standards.
3.  Specific cable requirements are indicated in Section 16900:

2.2  CONNECTORS

A.  General:
1.  Provide UL-type factory-fabricated, metal connectors of sizes, ampacity rat-

ings, materials, types and classes for applications and for services indicat-
ed.

2.  Where not indicated, provide proper selection as determined by Installer to 
comply  with  project's  installation  requirements,  NEC and  NEMA stan-
dards.

3.  Select from the following, those types, classes, kinds and styles of connectors 
to fulfill project requirements:

Types: 1.  Pressure.
2.  Crimp.

Class:Insulated.

Kind:
1.  Copper (for Cu to Cu connection).

Style: 1.  Combined "T" and straight connection.
2.  "T" connection.
3.  Split-bolt parallel connection.
4.  Tap connection.
5.  Pigtail connection.
6.  Wirenut connection.

PART 3 - EXECUTION

3.1  INSTALLATION OF WIRES AND CABLES

A.  General:
1.  Install electrical cables, wires and wiring connectors as indicated, in compli-

ance  with  applicable  requirements  of  NEC,  NEMA,  UL,  and  NECA's 
"Standard of Installation" and in accordance with recognized industry prac-
tices and special cavern standards as indicated in the special conditions.

B.  Coordinate wire/cable installation work including electrical raceway and equipment 
installation  work,  as  necessary  to  properly  interface  installation  of  wires/cables 
with other work and to protect the cavern environment.
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C.  Install UL Type THHW or XHHW wiring in schedule 40 PVC conduit, for branch 
circuits installed with in the service entrance and the lighting distribution cabinets.

D.  Use GGC #2/3 with ground for main power distribution feeders as indicated in 16900.

E.  Use 10/3 and 12/3 SOOW cords for lighting branch circuits as indicated in 16900..

F.  Keep conductor splices to minimum.  Splices are acceptable to provide manageable 
lengths of cables for installation within the caverns and to prevent cavern damage.

G.  Install splices and tapes which possess equivalent-or-better mechanical strength and 
insulation ratings than conductors being spliced.

 1.  Use splice and tap connectors which are compatible with conductor material.

H.  Tighten electrical connectors and terminals, including screws and bolts, in accordance 
with manufacturer's published torque tightening values.

 1.  Where manufacturer's torquing requirements are not indicated, tighten con-
nectors and terminals to comply with tightening torques specified in UL 
Standard 486A and B.

3.2  FIELD QUALITY CONTROL

A.  Prior to energization of circuitry, check installed wires and cables with megohm meter 
to determine insulation resistance levels to ensure requirements are fulfilled.

B.  Prior to energization, test wires and cables for electrical continuity and for short-cir-
cuits.

C.  Subsequent to wire and cable hook-ups, energize circuitry and demonstrate function-
ing in accordance with requirements.

1.  Where necessary, correct malfunctioning units, and then retest to  demonstrate 
compliance.

End of Section
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SECTION 16135

ELECTRICAL BOXES AND FITTINGS

PART 1 - GENERAL

1.1  RELATED WORK SPECIFIED ELSEWHERE

A.  Wires and Cables - Section 16120

B.  Electrical Connections for Equipment - Section 16142

C.  Wiring Devices - Sections 16143

1.2  DESCRIPTION OF WORK

A.  Extent of electrical box and associated fitting work is indicated by drawings and 
schedules.

B.  Types of electrical boxes and fittings specified in this section include the following:

Outlet boxes.
Junction boxes.
Pull boxes.
Bushings.
Locknuts.
Knockout closures.

1.3  QUALITY ASSURANCE

A.  Codes and Standards:
1.  Firm with at least 3 years of successful installation experience with projects 

utilizing electrical wiring and cabling work similar to that required for this 
project.  This requirement does not require prior cavern electrical wiring 
experience but does include wiring in sensitive areas where extreme atten-
tion to details and absolute supervision of workers is required.  Such work 
areas might include clean rooms, specialized industrial facilities, and cer-
tain areas of hospitals.

2.  NEC Compliance:
a.  Comply with NEC as applicable to construction and installation of 

electrical wiring boxes and fittings.

3.  UL Compliance:
a.  Comply with applicable requirements of UL 50, UL 514-Series, and 

UL 886 pertaining to electrical boxes and fittings.
b.  Provide electrical boxes and fittings which are UL-Listed and labeled.
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PART 2 - PRODUCTS

2.1  OUTLET BOXES

A.  Provide composite wiring boxes, of shapes, cubic inch capacities, and sizes including 
box depths as indicated, suitable for installation in a high humidity cavern location.

2.2  DEVICE BOXES

A.  Provide composite, nongangable device boxes, of shapes, cubic inch capacities, and 
sizes, including box depths as indicated, suitable for installation in high humidity 
cavern location.

2.3  RAINTIGHT OUTLET BOXES INSTALLED OUTSIDE THE CAVERN

A.  Provide corrosion-resistant, cast-metal, raintight outlet wiring boxes, of types, shapes 
and sizes, including depth of boxes, with threaded conduit holes for fastening elec-
trical conduit.  The face plate shall be spring hinged capable of protecting the re-
ceptacle from weather even when a plug is inserted into the receptacle. Standard 
spring hinge- covers are not acceptable..

2.4  JUNCTION AND PULL BOXES

A.  Provide composite junction and pull boxes, with screw-on covers; of types, shapes 
and sizes, to suit the humidity cavern environment and equipped with stainless steel 
nuts, bolts, screws, and washers.

2.5  CABINETS, JUNCTION BOXES, AND PULL BOXES (WITH VOLUME
 GREATER THAN 100 CUBIC INCHES)

A. Composite, Plastic, or FRP Construction that is suitable in strength for the function 
and non rusting/non corroding in a damp cavern environment.

PART 3 - EXECUTION

3.1  INSTALLATION OF ELECTRICAL BOXES AND FITTINGS

A.  General:
1.  Install electrical boxes and fittings as indicated, in accordance with manufac-

turer's written instructions, applicable requirements of NEC and NECA's 
"Standard  of  Installation,"  and  in  accordance  with  recognized  industry 
practices to fulfill project requirements and in the locations within the cav-
ern approved by the Engineer and the Owner.

B.  Coordinate installation of electrical boxes and fittings with wire/cable, wiring devices, 
and raceway installation work and with the Owner.
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C.  Provide weathertight, composite outlets for interior locations exposed to cave high 
humidity environment.

D.  Extra holes or hole plugs are not allowed unless they can be demonstrated to be hu-
midity proof.

E.  Install electrical boxes in those locations which ensure ready accessibility to enclosed 
electrical wiring and can be hidden from the cavern visitors.

End of Section
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SECTION 16142

ELECTRICAL CONNECTIONS FOR EQUIPMENT

PART 1 - GENERAL

1.1  RELATED WORK SPECIFIED ELSEWHERE

A.  Basic Electrical Requirements - Section 16010

B.  Codes and Standards - Section 16028

C.  Test and Demonstration of Complete Electrical System - Section 16030

D.  Raceways - Section 16110

E.  Wires and Cables - Section 16120

F.  Electrical Boxes and Fittings - Section 16135

1.2  DESCRIPTION OF WORK

A.  Extent of electrical connections for equipment is indicated by drawings and sched-
ules.

B.  Electrical connections are hereby defined to include connections used for providing 
electrical power to equipment. 

1.3  QUALITY ASSURANCE

A.  Installer's Qualifications:
1.  Firm with at least 3 years of successful installation experience with projects 

utilizing electrical wiring and cabling work similar to that required for this 
project.  This requirement does not require prior cavern electrical wiring 
experience but does include wiring in sensitive areas where extreme atten-
tion to details and absolute supervision of workers is required.  Such work 
areas might include clean rooms, specialized industrial facilities, and cer-
tain areas of hospitals.

B.  NEC Compliance:
1.  Comply with applicable requirements of NEC as to type products used and 

installation  of  electrical  power  connections  (terminals  and  splices),  for 
junction boxes, motor starters, and disconnect switches.

C.  ANSI Compliance:
1.  Comply with applicable requirements of ANSI/NEMA and ANSI/EIA stan-

dards pertaining to products and installation of electrical connections for 
equipment.
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D.  UL Compliance:
1.  Comply with UL Standard 486A, "Wire Connectors and Soldering Lugs for 

Use With Copper Conductors" including, but not limited to, tightening of 
electrical connectors to torque values indicated. 

2.  Provide electrical connection products and materials which are UL-listed and 
-labeled.

PART 2 - PRODUCTS

2.1  MATERIALS AND COMPONENTS

A.  General:
1.  For each electrical connection indicated, provide complete assembly of mate-

rials, including but not necessarily limited to, pressure connectors, termi-
nals (lugs), electrical insulating tape, electrical solder, electrical soldering 
flux, heat-shrinkable insulating tubing, cable ties, solderless wirenuts, and 
other items and accessories as needed to complete splices and terminations 
of types indicated.

2.2  PVC CONDUIT, TUBING AND FITTINGS

A.  General:
1.  Provide PVC conduit, tubing and fittings of types, grades, sizes and weights 

(wall thicknesses) indicated for each type service.
2.  Where types and grades are not indicated, provide proper selection as deter-

mined by Installer to fulfill wiring requirements and comply with NEC re-
quirements for raceways.

3.  Conduit shall be Schedule 40 PVC unless otherwise indicated

2.3  WIRES, CABLES, AND CONNECTORS

A.  Wires/Cables:
1.  Unless otherwise indicated, provide wires/cables (conductors) for electrical 

connections  which  match,  including  sizes  and  ratings,  of  wires/cables 
which are supplying electrical power.

2.  Provide copper conductors with conductivity of not less than 98 percent at 
20ºC (68ºF).

3.  Conductors shall be copper THHW or XHHW inside cabinets or outside the 
cavern unless otherwise indicated.  Specialized cords shall be used for the 
main power feeder and lighting branch circuits as indicated on the draw-
ings and in 16900.

B.  Connectors and Terminals:
1.  Provide electrical connectors and terminals which mate and match, including 

sizes  and  ratings,  with  equipment  terminals  and  are  recommended  by 
equipment manufacturer for a high humidity cave environment.
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C.  Electrical Connection Accessories:
1.  Provide electrical insulating tape, heat-shrinkable insulating tubing and boots, 

electrical solder, electrical soldering flux, wirenuts and cable ties as rec-
ommended for use by accessories manufacturers for a high humidity cave 
environment.

PART 3 - EXECUTION

3.1  INSPECTION

A.  Inspect area and conditions under which electrical connections for equipment are to 
be installed and notify the Owner in writing of conditions detrimental to proper 
completion of the work.

3.2  INSTALLATION OF ELECTRICAL CONNECTIONS

A.  Install electrical connections as indicated; in accordance with equipment manufactur-
er's written instructions and with recognized industry practices, and complying with 
applicable requirements of UL, NEC and NECA's "Standards of Installation" to 
ensure that products fulfill requirements. 

B.  Coordinate with other work, including wires/cables, raceway and equipment installa-
tion,  as  necessary to  properly interface installation of  electrical  connections for 
equipment with other work.

C.  Connect electrical power supply conductors to equipment conductors in accordance 
with equipment manufacturer's written instructions and wiring diagrams.

1.  Mate and match conductors of electrical connections for proper interface be-
tween electrical power supplies and installed equipment.

D.  Maintain existing electrical service and feeders to occupied areas and operational fa-
cilities, unless otherwise indicated, or when authorized otherwise by the Owner.

1.  Provide temporary service during interruptions to existing facilities.
2.  When necessary, schedule momentary outages for replacing existing wiring 

systems with new wiring systems.
3.  When that "cutting-over" has been successfully accomplished, remove, relo-

cate, or abandon existing wiring as indicated on the drawings. 

E.  Cover splices with electrical insulating material equivalent to, or of greater insulation 
resistivity rating, than electrical insulation rating of those conductors being spliced.

F.  Prepare cables and wires, by cutting and stripping covering armor, jacket, and insula-
tion properly to ensure uniform and neat appearance where cables and wires are 
terminated.

1.  Exercise care to avoid cutting through tapes which will remain on conductors.
2.  The "ringing" of copper conductors while skinning wire is not acceptable.
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3.  All waste from stripping or wires and cables must be strictly accounted for 
and removed from the cavern and disposed of properly.  No wire or insula-
tion fragments can be left within the cave.

G.  Trim cables and wires as short as practicable and arrange routing to facilitate inspec-
tion, testing and maintenance. 

H.  Tighten connectors and terminals,  including screws and bolts,  in accordance with 
equipment manufacturers published torque tightening values for equipment connec-
tors.

1.   Accomplish tightening by utilizing proper torquing tools,  including torque 
screwdriver, beam-type torque wrench, and ratchet wrench with adjustable 
torque settings.

2.  Where manufacturer's torquing requirements are not available, tighten connec-
tors and terminals to comply with torquing values contained in UL's Stan-
dard 486A.

I.  Provide PVC conduit and fittings as indicated for high humidity atmospheres.

3.3  FIELD QUALITY CONTROL

A.  Upon completion of installation of electrical connections, and after circuitry has been 
energized with rated power source, test connections to demonstrate capability and 
compliance with requirements.

B.  Correct malfunctioning units at site, then retest to demonstrate compliance.

End of Section
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SECTION 16143

WIRING DEVICES 

PART 1 - GENERAL

1.1  RELATED WORK SPECIFIED ELSEWHERE

A.  Wires and Cables - Section 16120

B.  Electrical Boxes and Fittings - Section 16135

C.  Electrical Connections for Equipment - 16142

1.2  DESCRIPTION OF WORK

A.  The extent of wiring device work is indicated by drawings and
schedules.

1.  Wiring devices are defined as single discrete units of electrical distribution 
systems which are intended to carry but not utilize electric energy.

B.  Types of electrical wiring devices in this section include the following:

Receptacles.
Ground-fault circuit interrupters.
Switches.

1.3  QUALITY ASSURANCE

A.  Installer's Qualifications:
1.  Firm with at least 3 years of successful installation experience with projects 

utilizing electrical wiring and cabling work similar to that required for this 
project.  This requirement does not require prior cavern electrical wiring 
experience but does include wiring in sensitive areas where extreme atten-
tion to details and absolute supervision of workers is required.  Such work 
areas might include clean rooms, specialized industrial facilities, and cer-
tain areas of hospitals.

B.  NEC Compliance:
1.  Comply with NEC as applicable to installation and wiring of electrical wiring 

devices.

C.  UL Compliance:
1.  Comply with applicable requirements of UL 20, 486A, 498 and 943 pertaining 

to installation of wiring devices.
2.  Provide wiring devices which are UL-listed and labeled.
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1.4  SUBMITTALS

A.  Product Data:
1.  Submit manufacturer's data on electrical wiring devices.

PART 2 - PRODUCTS

2.1  WIRING DEVICES

A.  General:
1.  Provide factory-fabricated wiring devices, in types, colors, and electrical rat-

ings for applications indicated and which comply with NEMA Standards 
Publication No. WD 1.

 
2.2  RECEPTACLES

A.  Duplex:
1.  Provide duplex, Specification grade receptacles, 2-pole, 3-wire, grounding, 

with green hexagonal equipment ground screw, ground terminals and poles 
internally connected to mounting yoke, 20-amperes, 125-volts, with metal 
plaster ears; design for side wiring with NEMA configuration 5-20R unless 
otherwise indicated.

B.  Ground-Fault Interrupters:
1.   Provide "feed-through" type,  ground-fault  circuit  interrupters,  with heavy-

duty duplex receptacles, capable of protecting connected downstream re-
ceptacles on single circuit, and of being installed in a 2-3/4" deep outlet 
box without adapter, grounding type UL-rated Class A, Group 1, rated 20-
amperes, 120 volts, 60 Hz; with solid-state ground-fault sensing and signal-
ing; with 5 milliamperes ground-fault trip level; equip with NEMA config-
uration 5-20R.

2.3  CONNECTORS

A.  Connectors:
1. Provide compression like sealed connectors for connecting cords to composite 

boxes and enclosures.

2.4  SWITCHES

A.  Snap:
1.  Provide sealed switches suitable for operating relays within a relay panel suit-

able for operation within a high humidity cave environment.
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PART 3 - EXECUTION

3.1  INSTALLATION OF WIRING DEVICES

A.  Install wiring devices as indicated, in accordance with manufacturer's written instruc-
tions, applicable requirements of NEC and NECA's "Standard of Installation," and 
in accordance with recognized industry practices to fulfill project requirements in a 
high humidity cave environment.

B.  Coordinate with other work, including painting, electrical boxes and wiring work, as 
necessary to interface installation of wiring- devices with other work.

C.  Install wiring devices only in electrical boxes which are clean; free from building ma-
terials, dirt, and debris.

D.  Install stainless steel wall plates inside the relay cabinets and service entrance cabi-
nets.

E.  Install wiring devices after wiring work is completed.

F.   Tighten connectors and terminals,  including screws and bolts,  in accordance with 
equipment manufacturer's published torque tightening values for wiring devices.

1.  Where manufacturer's torquing requirements are not indicated, tighten con-
nectors and terminals to comply with tightening torques specified in UL 
Standards 486A and B.

2.  Use properly scaled torque indicating hand tool.
3.  All connections to a receptacle must be made by using the screw terminals.  

Push in connections in the back of the receptacle will not be allowed.

3.2  GROUNDING

A.  Provide equipment grounding connections for wiring devices, unless otherwise indi-
cated.  Use the approved pigtails.

B.  Tighten connections to comply with tightening torques specified in UL Standard 486A 
to assure permanent and effective grounds.

3.3 TESTING

A.  Prior to energizing circuitry, test wiring for electrical continuity, and for short-circuits.

B.  Ensure proper polarity of connections is maintained.  Subsequent to energization, test 
wiring devices to demonstrate compliance with requirements.

End of Section
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SECTION 16195

ELECTRICAL IDENTIFICATION 

PART 1 - GENERAL

1.1  RELATED WORK SPECIFIED ELSEWHERE

A.  Basic Electrical Requirement - Section 16010

B.  Codes and Standards - Section 16028

C.  Raceways - Section 16110

D.  Wires and Cables - Section 16120

E.  Panelboards - Section 16470

1.2  DESCRIPTION OF WORK

A.  Extent of electrical identification work is indicated by drawings and schedules.

B.  Types of electrical identification work specified in this section include the following:

Buried cable warnings.
Electrical power, control and communication conductors.
Operational instructions and warnings.
Equipment/system identification signs.
Main disconnects.
Panels.

1.3  QUALITY ASSURANCE

A.  NEC Compliance:
1.  Comply with NEC as applicable to installation of identifying labels and mark-

ers for wiring and equipment.

B.  UL Compliance:
1.  Comply with applicable requirements of UL Standard 969, "Marking and La-

beling Systems," pertaining to electrical identification systems.
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PART 2 - PRODUCTS

2.1  ELECTRICAL IDENTIFICATION MATERIALS

A.  General:
1.  Except as otherwise indicated, provide manufacturer's standard products of 

categories and types required for each application.
2.  Where more than single type is specified for an application, selection is In-

staller's option, but provide single selection for each application.

2.2  UNDERGROUND-TYPE PLASTIC LINE MARKER

A.  General:
1.  Manufacturer's standard permanent, bright-colored, continuous-printed plastic 

tape, intended for direct-burial service; not less than 6" wide x 4 mils thick.  
Provide tape with printing which most accurately indicates type of service 
of buried cable.

2.3  CABLE/CONDUCTOR IDENTIFICATION BANDS

A.  General:
1.   Provide  manufacturer's  standard,  aluminum,  wrap-around,  cable/conductor 

markers,  of size required for proper application, and numbered to show 
circuit identification.

2.4  PLASTICIZED TAGS

A.  General:
1.  Manufacturer's standard preprinted, or partially preprinted, accident-preven-

tion and operational tags, of plasticized card stock with matt finish suitable 
for writing, approximately 3-1/4" x 5-5/8", with brass grommets and wire 
fasteners,  and  with  appropriate  preprinted  wording  including  large-size 
primary wording, e.g., "DANGER, CAUTION, DO NOT OPERATE."

2.5  SELF-ADHESIVE PLASTIC SIGNS LOCATED INSIDE CABINETS

A.  General:
1.  Provide manufacturer's standard, self-adhesive or pressure-sensitive, preprint-

ed, flexible vinyl signs for operational instructions or warnings; of sizes 
suitable for application areas and adequate for visibility, with proper word-
ing for each application, e.g., 208V, EXHAUST FAN, RECTIFIER. 

2.  Colors:
a.   Unless  otherwise  indicated,  or  required  by  governing  regulations, 

provide white signs with black lettering.
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2.6  ENGRAVED PLASTIC-LAMINATE SIGNS TO MARK CABINETS AND EQUIPMENT

A.  General:
1.  Provide engraving stock melamine plastic laminate, complying  with FS L-

P-387, in sizes and thicknesses indicated, engraved with engraver's stan-
dard letter style of sizes and wording indicated, black face and white core 
plies (letter color) except as otherwise indicated, punched for mechanical 
fastening except  where adhesive mounting is  necessary because of sub-
strate.

2.  Thickness:
a.  1/16", except as otherwise indicated.

3.  Fasteners:
a.   Self-tapping  stainless  steel  screws,  except  contact-type  permanent 

adhesive where screws cannot or should not penetrate substrate.

PART 3 - EXECUTION

3.1  APPLICATION AND INSTALLATION

A.  General:
1.  Install electrical identification products as indicated, in accordance with man-

ufacturer's written instructions, and requirements of NEC.

B.  Coordination:
1.  Where identification is to be applied to surfaces which require finish, install 

identification after completion of painting.

C.  Regulations:
1.  Comply with governing regulations and requests of governing authorities for 

identification of electrical work.

3.2  CORD IDENTIFICATION

A.  General:
1.  Where electrical cords are loose laid exposed in the cavern, the cord identifi-

cation that be included where it enters or leaves lighting control panels and 
at light fixtures.

3.3  UNDERGROUND CABLE IDENTIFICATION

A.  General:  
1.  During backfilling/topsoiling of each exterior underground electrical, signal or 

communication  cable,  install  continuous  underground-type  plastic  line 
marker, located directly over buried line at 6" to 8" below finished grade.  
Where multiple small lines are buried in a common trench and do not ex-
ceed an overall width of 16", install a single line marker.
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a.  Install line marker for every buried cable, regardless of whether di-
rect-buried or protected in conduit.

3.4  CABLE/CONDUCTOR IDENTIFICATION

A.  General:
1.   Apply  cable/conductor  identification,  including  voltage,  phase  and  feeder 

number,  on  each  cable/conductor  in  each  box/enclosure/  cabinet  where 
wires of more than one circuit or communication/signal system are present, 
except where another form of identification (such as color-coded conduc-
tors)  is provided.

2.  Match identification with marking system used in panelboards, shop drawings, 
contract  documents,  and similar  previously established identification for 
project's electrical work.

 3.5  OPERATIONAL IDENTIFICATION AND WARNINGS

A.  General:
1.  Wherever reasonably required to ensure safe and efficient operation and main-

tenance of electrical systems, and electrically connected mechanical sys-
tems and general systems and equipment, including prevention of misuse 
of electrical facilities by unauthorized personnel, install self-adhesive plas-
tic  signs  or  similar  equivalent  identification,  instruction or  warnings  on 
switches, outlets and other controls, devices and covers of electrical enclo-
sures.

2.  Where detailed instructions or explanations are needed, provide plasticized 
tags with clearly written messages adequate for intended purposes.

3.6  EQUIPMENT/SYSTEM IDENTIFICATION

A.  General:
1.  Install engraved plastic-laminate sign on each major unit of electrical equip-

ment in building; including central or master unit of each electrical system 
including communication/control/ signal systems, unless unit is specified 
with its own self-explanatory identification or signal system.

2.  Except as otherwise indicated, provide single line of text, 1/2" high lettering, 
on 1-1/2" high sign (2" high where two lines are required), white lettering 
in black field.

3.  Provide text matching terminology and numbering of the contract documents 
and shop drawings.

4.  Provide signs for each unit of the following categories of electrical work:

Panelboards, electrical cabinets and enclosures.
Equipment within the enclosures

B.  Install signs at locations indicated or, where not otherwise indicated, at location for 
best convenience of viewing by cavern personnel without interference of operation 
and maintenance of equipment or visible by the cavern visitors.
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1.  Secure to substrate with fasteners, except use adhesive where fasteners should 
not or cannot penetrate substrate

End of Section
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SECTION 16470 

PANELBOARDS AND/OR LOAD CENTERS

PART 1 - GENERAL

1.1  RELATED WORK SPECIFIED ELSEWHERE

A.  Basic Electrical Requirements - Section 16010

B.  Codes and Standards - Section 16028

C.  Tests and Demonstration of Complete Electrical System -  Section 16030

D.  Raceways - Section 16110

E.  Wires and Cables - Section 16120

F.  Service Entrance - Section 16420 

1.2  DESCRIPTION OF WORK

A.  Extent of panelboard and load center and enclosure work, including cabinets and 
cutout boxes is indicated by drawings and schedules.

B.  Types of panelboard and load centers and enclosures in this section include the fol-
lowing:

Service-entrance panelboard and load centers.
Power-distribution panelboard and load centers.
Lighting and appliance panelboards and load centers.

C.  Refer to other Division-16 sections for cable/wire, connectors, and electrical raceway 
work required in conjunction with panelboard and load centers and enclosures; not 
work of this section.

1.3  QUALITY ASSURANCE

A.  Installers Qualifications:
1.  Firm with at least 3 years of successful installation experience with projects 

utilizing electrical wiring and cabling work similar to that required for this 
project.  This requirement does not require prior cavern electrical wiring 
experience but does include wiring in sensitive areas where extreme atten-
tion to details and absolute supervision of workers is required.  Such work 
areas might include clean rooms, specialized industrial facilities, and cer-
tain areas of hospitals.
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B.  NEC Compliance:
1.  Comply with NEC as applicable to installation of panelboard and load centers, 

cabinets, and cutout boxes.
2.  Comply with NEC requirements pertaining to installation of wiring and 

equipment in hazardous locations.

C.  UL Compliance:
1.  Comply with applicable requirements of Standard No. 67, "Electric Panel-

boards," and standards No.'s 50, 869, 486A, 486B, and 1053 pertaining to 
panelboards, accessories and enclosures.

2.  Provide units which are UL-listed and labeled.

1.4  SUBMITTALS

A.  Product Data:
1.  Submit manufacturer's data on panelboard and load centers.

PART 2 - PRODUCTS

2.1  PANELBOARDS

A.  General:
1.  Except as otherwise indicated, provide panelboards, enclosures and ancillary 

components, of types, sizes, and ratings indicated, which comply with 
manufacturer's standard materials; design and construction in accordance 
with published product information; equip with proper number of unit pan-
elboard devices as required for complete installation.

2.  Where types, sizes, or ratings are not indicated, comply with NEC, UL and 
established industry standards for those applications indicated.

2.2  SERVICE-ENTRANCE PANELBOARDS

A.  Provide dead-front safety construction factory-assembled service-entrance circuit-
breaker type panelboards in sizes and ratings as indicated.

B.  Equip with panelboard unit devices, of types, ratings and characteristics indicated.

C.  Construct with rectangular shaped bus bars of solid copper or aluminum, with con-
ductivity not less than 98 percent, which are securely mounted and braced, and 
with solderless lugs bolted to main bus bars suitable for service with 277/480 volt, 
3-phase, 4-wire, system.

D.  Provide branch circuits with molded-case type single-pole circuit-breakers, with tog-
gle handles that indicate when tripped.

E.  Select enclosures which are fabricated by same manufacturer as panelboards, and 
which mate properly with panelboards.
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F.  Provide panelboards with UL markings indicating "Suitable for use as service-en-
trance equipment."

2.3  POWER DISTRIBUTION PANELBOARDS

A.  Provide dead-front safety type power distribution panelboards as indicated, with pan-
elboard switching and protective devices in quantities, ratings, types, and arrange-
ment shown; with anti-turn solderless pressure type main lug connectors approved 
for copper conductors.

B.  Select unit with feeder connecting at top of panel.

C.  Equip with copper or aluminum bus bars with not less than 98 percent conductivity, 
and with full-sized neutral bus; provide suitable lugs on neutral bus for outgoing 
feeders requiring neutral connections.

D.  Provide molded-case main and branch circuit-breaker types for each circuit, with tog-
gle handles that indicate when tripped.

E.  Where multiple-pole breakers are indicated, provide with common trip so overload on 
one pole will trip all poles simultaneously.

F.  Provide panelboards with bare uninsulated grounding bars suitable for bolting to en-
closures.  

G.  Select enclosures fabricated by same manufacturer as panelboards, which mate prop-
erly with panelboards.

2.4  LIGHTING AND APPLIANCE PANELBOARDS

A.  Provide dead-front safety type lighting and appliance panelboards as indicated, with 
switching and protective devices in quantities, ratings, types and arrangements 
shown; with anti-burn solderless pressure type lug connectors approved for copper 
or aluminum conductors; equip with copper or aluminum bus bars, full-sized neu-
tral bar, with bolt-in or plug-in type heavy-duty, quick-make, quick-break, single-
pole circuit-breakers, with toggle handles that indicate when tripped.

B.  Provide suitable lugs on neutral bus for each outgoing feeder required; provide bare 
uninsulated grounding bars suitable for bolting to enclosures.

C.  Select enclosures fabricated by same manufacturer as panelboards, which mate prop-
erly with panelboards.

16470   PANELBOARDS AND/OR LOAD CENTERS                    Page �  of �3 7

170170



 Fussell Engineering                       Lewis and Clark Caverns 
                        Montana Fish, Wildlife, and Parks

2.5  PANELBOARD ENCLOSURES

A.  Provide galvanized sheet steel cabinet type enclosures, in sizes and NEMA types as 
indicated, code-gage, minimum 16-gage thickness. Construct with multiple knock-
outs and wiring gutters.

B.  Provide fronts with adjustable trim clamps, and doors with flush locks and keys, all 
panelboard enclosures keyed alike, with concealed piano door hinges and door 
swings as indicated.

C.  Equip with interior circuit-directory frame, and card with clear plastic covering.

D.  Provide baked gray enamel finish over a rust inhibitor coating.

E.  Design enclosures for recessed mounting.

F.  Provide enclosures which are fabricated by same manufacturer as panelboards, which 
mate properly with panelboards to be enclosed.

2.6  PANELBOARD ACCESSORIES

A.  Provide panelboard accessories and devices including, but not necessarily limited to, 
cartridge and plug time-delay type fuses, circuit-breakers, ground-fault protection 
units, etc., as recommended by panelboard manufacturer for ratings and ap-
plications indicated.

2.7  LOAD CENTERS

A.  Provide dead-front safety type load centers as indicated, with switching and protec-
tive devices in quantities, ratings, types and arrangements shown; with anti-burn 
solderless pressure type lug connectors approved for copper or  aluminum conduc-
tors; equip with copper or aluminum bus bars, full-sized neutral bar, with bolt-in or 
plug-in type heavy-duty, quick-make, quick-break, single-pole circuit-breakers, 
with toggle handles that indicate when tripped.

B.  Provide suitable lugs on neutral bus for each outgoing feeder required; provide bare 
uninsulated grounding bars suitable for bolting to enclosures.

C.  Select enclosures fabricated by same manufacturer as load centers, which mate prop-
erly with load centers.

2.8  LOAD CENTER ENCLOSURES

A.  Provide galvanized sheet steel cabinet type enclosures, in sizes and NEMA types as 
indicated, code-gage, minimum 16-gage thickness. Construct with multiple knock-
outs and wiring gutters.
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B.  Provide fronts with adjustable trim clamps, and doors with flush locks and keys, all 
load center enclosures keyed alike, with piano door hinges and door swings as in-
dicated.

C.  Equip with interior circuit-directory frame, and card with clear plastic covering.

D.  Provide baked gray enamel finish over a rust inhibitor coating.

E.  Design enclosures for recessed mounting.

F.  Provide enclosures which are fabricated by same manufacturer as load centers, which 
mate properly with load centers to be enclosed.

2.9  LOAD CENTER ACCESSORIES

A.  Provide load center accessories and devices including, but not necessarily limited to, 
cartridge and plug time-delay type fuses, circuit-breakers, ground-fault protection 
units, etc., as recommended by load center manufacturer for ratings and ap-
plications indicated.

PART 3 - EXECUTION

3.1  INSPECTION

A.  Installer must examine areas and conditions under which panelboards and load cen-
ters and enclosures are to be installed, and notify the Owner in writing of condi-
tions detrimental to proper completion of work.

B.  Do not proceed with work until unsatisfactory conditions have been corrected in a 
manner acceptable to Installer.

3.2  INSTALLATION OF PANELBOARD AND LOAD CENTERS

A.  General:
1.  Install panelboard and load centers and enclosures as indicated, in accordance 

with manufacturer's written instructions, applicable requirements of NEC 
standards and NECA's "Standard of Installation," and in compliance with 
recognized industry practices to ensure that products fulfill requirements.

B.  Coordinate installation of panelboard and load centers and enclosures with cable and 
raceway installation work.

C.  Tighten connectors and terminals, including screws and bolts, in accordance with 
equipment manufacturer's published torque tightening values for equipment con-
nectors. 

16470   PANELBOARDS AND/OR LOAD CENTERS                    Page �  of �5 7

172172



 Fussell Engineering                       Lewis and Clark Caverns 
                        Montana Fish, Wildlife, and Parks

1.  Where manufacturer's torquing requirements are not indicated, tighten con-
nectors and terminals to comply with tightening torques specified in UL 
standards 486A and B.

D.  Anchor enclosures firmly to walls and structural surfaces, ensuring that they are per-
manently and mechanically secure.

E.  Provide properly wired electrical connections within enclosures.

F.  Fill out panelboard and load center's circuit directory card upon completion of installa-
tion work.

G.  Insert fuses, of ratings indicated, in installed panelboard and load centers, if any.

3.3  GROUNDING

A.  Provide equipment grounding connections for panelboard and load centers as indicat-
ed.

B.  Tighten connections to comply with tightening torques specified in UL standards 
486A and B to assure permanent and effective grounds.

3.4  MOUNTING HEIGHTS/CLEARANCES

A.  General:
1.  Mount panelboards, circuit breakers, and disconnecting switches so the height 

of the operating handle at its highest position will not exceed 78 inches 
from the ground.

2.  The contractor shall maintain proper NEC clearances around each panel, load 
center, and other electrical equipment.  Generally, at this time, the clear-
ances are 30 inches in width, by 36 inches in front, extending from the 
floor to 6 1/2 feet above the floor.

3.5  FIELD QUALITY CONTROL

A.  Prior to energization of circuitry, check all accessible connections to manufacturer's 
tightening torque specifications.

B.  Prior to energization of panelboard and load centers, check with ground resistance 
tester phase-to-phase and phase-to-ground insulation resistance levels to ensure 
requirements are fulfilled.

C.  Prior to energization, check panelboard and load centers for electrical continuity of 
circuits, and for short-circuits.

D.  Subsequent to wire and cable hook-ups, energize panelboard and load centers and 
demonstrate functioning in accordance with requirements.
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1.  Where necessary, correct malfunctioning units, and then retest to demonstrate 
compliance.

End of Section
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SECTION 16510 

INTERIOR CAVERN LIGHTING  

PART 1 - GENERAL 

1.1  RELATED SECTIONS 

A.  Basic Electrical Requirements - Section 16010 

B.  Codes and Standards - Section 16028 

C.  Wires and Cables - Section 16120 

D. Electrical Boxes and Fittings - Section 16135 

1.2  DESCRIPTION OF WORK 

A.  Extent of lighting fixture work is indicated by drawings and schedules. 

B.  Types of lighting fixtures in this section include the following: 

LED 

C.  Applications of lighting fixtures required for project include the following: 

Cavern Formation Lighting 
Emergency/Illuminated and non-illuminated railings 

1.3 SUBMITTALS 

A. See Section 01300 – Administrative Requirements for submittal procedures 
B. Product Information:  Provide manufacturer’s product data for each light fixture, all accesso-

ry components, and other products required for complete installation 
C. Shop Drawings:  

1. As required for general fabrication and/or assembly and installation for each fixture type 
2. At fixture types A, A1, and A2: provide shop drawings indicating overall dimensions for 

layout and details of all railing system components, including, but not limited to posts, 
railing sections, lengths of illuminated sections, railing heights, locations of drivers, tran-
sition and termination details, anchorage and installation details 

D. Sample and Mock-up:  Provide one operating illuminated sample of fixture Type A2, mini-
mum 6’ long, with at least one intermediate post-to-rail connection and one termination de-
tail, and specified finish. Contractor shall mock-up typical installation of railing with post 
detail as indicated. Mock-up shall illustrate lighting characteristics (pattern and level of illu-
mination). Verify location of mock-up with Owner and Engineer. Mock-up shall illustrate use 
and characteristics of non-shrink grout used to set post, but post base need not be provided 
with protective coating. Mock-up shall remain in place for the duration of project. Upon 
completion of project, remove mock-up, provide sample to Owner and patch post base hole. 
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E. Installation instructions:  Provide manufacturer’s installation instructions for each light fix-
ture, all accessory components, and other products required for complete installation. 

F. Warranty: Provide manufacturer’s standard warranty information for each product. 

1.4 QUALITY ASSURANCE 
A.  Installer's Qualifications: 

1.  Firm with at least 3 years of successful installation experience with projects 
utilizing electrical wiring and cabling work similar to that required for this 
project.  This requirement does not require prior cavern electrical wiring 
experience but does include wiring in sensitive areas where extreme atten-
tion to details and absolute supervision of workers is required.  Such work 
areas might include clean rooms, specialized industrial facilities, and cer-
tain areas of hospitals. 

B.  Store lighting fixtures in clean dry place. 
1.  Protect from weather, dirt, fumes, water, construction debris, and physical 

damage. 

C.  On site review of submittals, sample and mockup (Fixture Type A2, only) 
1.  At the time of submittal, after preliminary review of submittal information 

(other than sample/mock-up) by Engineer, Contractor shall arrange and 
coordinate with the Engineer a time to review mock-up, shop drawings and 
other product information on site. Approved mock-up shall be used, in ad-
dition to other information, to determine acceptable standards for demoli-
tion and installation methods, as well as finishes, lighting characteristics 
and overall installation. 

PART 2 - PRODUCTS 

2.1  LIGHTING FIXTURES 

A. General: 
1. Provide lighting fixtures, of sizes, types and ratings indicated;  complete with, but not 

limited to, housings, LED lamps, lamp holders, reflectors, LED drivers and power sup-
plies, and wiring. 

2. Ship fixtures factory-assembled, with parts required for a complete installation. 

B. Fixture Types:  Refer to Section 16550 – Light Fixture Specifications 

2.2  ACCESSORY COMPONENTS 

A. Non-shrink grout (Epoxy): Nonmetallic, Shrinkage-Resistant Grout:  ASTM C 1107, factory-
packaged, nonmetallic aggregate grout, noncorrosive, nonstaining, mixed with water to con-
sistency suitable for application and a 30-minute working time. 

B. Protective Epoxy Coating: Water-Based Tile Clad Epoxy coating and Pro-Cryl Universal 
Primer, as manufactured by Sherwin-Williams, or equivalent with prior approval. 

PART 3 - EXECUTION 
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3.1  INSPECTION 

A.  Examine areas and conditions under which lighting fixtures are to be installed, and 
substrate for supporting lighting fixtures. 

B.  Do not proceed with work until unsatisfactory conditions have been corrected in 
manner acceptable to Installer. 

3.2  INSTALLATION OF INTERIOR LIGHTING FIXTURES 

A.  Install interior lighting fixtures at locations and heights as indicated, in accordance 
with fixture manufacturer's written instructions, applicable requirements of NEC, 
NECA's "Standard of Installation," NEMA standards, and with recognized industry 
practices to ensure that lighting fixtures fulfill requirements. 

B.  Coordinate with other electrical work as appropriate to properly interface installation 
of interior lighting fixtures with other work, especially the lighting control panel. 

C.  Fasten fixtures railings securely to the trail and cavern floor as indicated on the draw-
ings and drawing details. 

  
D.  Fasten fixtures (A, C) securely to indicated weighted base as indicated in the draw-

ings and specifications 

E.  Fasten fixtures (F) securely to cavern wall or to an aluminum post as indicated on the 
drawings. At post installation: 

 1. Provide protective epoxy coating to post bases (shop applied) prior to 
delivering to cavern site. 

 2. Install post base in core drilled hole set in epoxy grout as indicated. 
Temporarily brace as required until grout sets. 

F.  Tighten connectors and terminals, including screws and bolts, to comply with tighten-
ing torques specified in UL Standards 486A and B. 

G.  Support surface mounted fixtures greater than 2' in length at a point in addition to the 
outlet box fixture stud. 

3.3  ADJUSTING AND CLEANING 

A.  Clean interior lighting fixtures of dirt and debris upon completion of installation. 

B.  Protect installed fixtures from damage during remainder of construction period. 
C.  Remove all debris from demolition and installation activities, leaving no foreign ma-

terials in the cavern. 

3.4  FIELD QUALITY CONTROL 
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A.  Upon completion of installation of interior lighting fixtures, and after new cavern cir-
cuitry has been energized, apply electrical energy to demonstrate capability and 
compliance with requirements. 

1.  Where possible, correct malfunctioning units at site, then retest to demonstrate 
compliance; otherwise, remove and replace with new units, and proceed 
with retesting. 

3.5  GROUNDING 

A.  Bond light fixture to the branch circuit ground system using approved ground bond-
ing connectors and approved wire.   

B.  Tighten connections to comply with tightening torques specified in UL Standard 486A 
to assure permanent and effective grounds. 

End of Section 
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SECTION 16535

EMERGENCY LIGHTING

PART 1 - GENERAL

1.1  RELATED WORK SPECIFIED ELSEWHERE

A.  Basic Electrical Requirements - Section 16010

B.  Codes and Standards - Section 16028

1.2  DESCRIPTION OF WORK

A.  Extent of emergency lighting work is indicated by drawings and schedules.

B.  Types of emergency lighting fixtures in this section include the following:

Unitized battery powered inverters.

1.3  QUALITY ASSURANCE

A.  Installers Qualifications:
1.  Firm with at least 3 years of successful installation experience with projects 

utilizing electrical wiring and cabling work similar to that required for this 
project.  This requirement does not require prior cavern electrical wiring 
experience but does include wiring in sensitive areas where extreme atten-
tion to details and absolute supervision of workers is required.  Such work 
areas might include clean rooms, specialized industrial facilities, and cer-
tain areas of hospitals.

B.  Codes and Standards:
1.  NEC Compliance:

a.  Comply with NEC as applicable to installation and construction of 
emergency lighting.

2.  UL Compliance:
a.  Provide emergency lighting fixtures which are UL-listed and labeled.

3.  NFPA Compliance:
a.  Comply with applicable requirements of NFPA 101, "Life Safety 

Code."

1.4  SUBMITTALS

A.  Product Data:
1.  Submit manufacturer's technical product data on emergency lighting fixtures.
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B.  Maintenance Data:
1.  Submit maintenance data and parts list for each emergency lighting fixture 

and accessory; including "trouble-shooting" maintenance guide.

1.5  DELIVERY, STORAGE, AND HANDLING

A.  Handle 120 VAC inverter equipment carefully to prevent equipment damage. 

B.  Protect from weather, dirt, fumes, water, construction debris, and physical damage.

PART 2 - PRODUCTS

2.1  EMERGENCY 120 VAC INVERTER POWER SUPPLY

A.  General:
1.  Provide self-contained battery powered inverter unit for mounting in the light-

ing control cabinets in order to feed 120 VAC emergency lighting circuits.
2.  Design unit to automatically transfer to battery supply on loss of normal AC 

power and to operate 120 VAC lighting circuits.
3.  Furnish self contained battery powered unit with:

a. adequate capacity battery for code compliant 90 minute length of op-
eration

b. automatic charging with automatic battery protection
c. brownout protection
d. deep discharge battery protection
e. automatic transfer to AC power after a time delay
f. automatic 5 minute discharge test once a month
g. automatic 30 minute discharge test once every 6 months
h. Unit to contain automatic self testing diagnostics to provide montly 

and every 6 month testing in compliance with NFPA 101.

PART 3 - EXECUTION

3.1  INSPECTION

A.  Examine areas and conditions under which emergency lighting emergency equiment 
is to be installed, and substrate which will support lighting fixtures.

B.  Do not proceed with work until unsatisfactory conditions have been corrected in 
manner acceptable to Installer.

3.2  GROUNDING

A.  Bond emergency light inverter equipment and the emergency lighting circuit(s) to the 
branch circuit ground system using approved ground bonding connectors and ap-
proved wire. 
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B.  Tighten connections to comply with tightening torques specified in UL Standard 486A 
to assure permanent and effective grounds.

3.5  FIELD QUALITY CONTROL

A.  Upon completion of installation of emergency lighting circuits, apply electrical ener-
gy to demonstrate capability and compliance with requirements.

B.  Test emergency lighting to demonstrate operation under emergency conditions.

C.  Where possible, correct malfunctioning units at site, them retest to demonstrate com-
pliance; otherwise, remove and replace with new units, and proceed with retesting.

End of Section
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SECTION 16900 

CATALOG SHEETS 

The pages in this section are catalog sheets which show major material items required for the 
project.  Specific manufacturers have been identified, but equivalent material items are 
welcome, even for specialized applications. If material items other than those indicated are 
to be provided, prior approval from the Engineer is required.  

Prior approval shall not be required for material items which a consensus of manufacturers would 
agree to be of equivalent quality and performance. Material items that cannot have substitu-
tions or equivalents will be so marked. 

Catalog sheets have been included so that the bidder can have a better understanding of the mater-
ial item requirements.  

End of Section 
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FIXTURE ‘B’

USE 5000°K PAR 20 WET LOCATION LAMPS

QUANTITY: 20
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FIXTURE ‘B’

USE 5000°K PAR 38 WET LOCATION LAMPS

QUANTITY: 5
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FIXTURE ‘C’

FIXTURE ‘C’ QUANTITY: 40
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FIXTURE ‘C’
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FIXTURE ‘C’

SET FIXTURE TO 5000°K

CAVE SPECIALIST WILL INDICATE TO THE CONTRACTOR IN THE FIELD DURING
CONSTRUCTION WHICH SPREAD LENS, IF ANY, WILL BE ADDED TO FIXTURE ‘B’ TO
CHANGE BEAM SPREAD FROM THE STANDARD 8°.

SEE CATALOG SHEET FOR SPREAD LENS QUANTITIES.
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FIXTURE ‘F’
ADD 2 FIXTURE ‘F’ AS SPARES TO THE
REQUIRED FIXTURE COUNT
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TYPICAL RAILING LIGHTING REQUIREMENTS

0-10 Volt Dimming Driver required.

Diffuse lens required

Verify proposed LED lighting system (including 
diffuse lens cover, wiring, etc) is totally compatible 
with the selected railings.

NOTE:
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EMERGENCY LIGHTING UPS

SELECT MOUNTING
OPTIONS

INSTALL INVERTER AND BATTERIES IN A NEMA 4X ENCLOSURE.
(SEE INSTALLED CABINET #1)

SEE DRAWING SHEET G3.0 FOR UPS SIZES AND LOCATIONS.
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EMERGENCY LIGHTING UPS
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FIXTURE ‘A’ AND ‘C’ SPREAD LENS

QTY
15
20
20
4
65
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FIXTURE ‘B’ LAMPS
QUANTITY: 30
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QUANTITY: 10
FIXTURE ‘B’ LAMPS
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FIXTURE ‘C’ BASE

DISTRIBUTOR IS IN KALISPELL:
PhantomDynamics (406-270-3326)

PHOTO OF EXISTING BASE ON FIXTURE ‘A’
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RAILING AND FIXTURE ‘F’ DIMMER

Use connector cable (Part Number DW-10V) which has a modular connector on
one end and a a plug on the other end which easily plugs into the dim chip.

SEE DRAWING SHEET G3.0
FOR INSTALLATION DETAILS
FOR DIMMING RAILINGS AND
FIXTURE ‘F’.
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RAILING AND FIXTURE ‘F’ DIMMER

SEE DRAWING SHEET G3.0 FOR ORDERING DETAILS

197197


	Technical Specs.pdf
	END OF SECTION 05720




